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soil properties and heavy metals concentrations in the soils of the date palm at Al-Hassa Governor-
ate, Saudi Arabia. Eighty-two surface soil samples were collected from the studying area. Half of it
was collected from an area irrigated for more than 13 years with treated sewage efﬂuent. Meanwhile
the rest of soil samples were collected from an area irrigated with well water. Furthermore, samples
from sewage efﬂuents and well water used for irrigation were collected and analyzed mainly for
their chemical composition and their metal contents. The obtained results pertaining irrigation
water analysis indicated that sewage efﬂuents were found to contain higher content of Pb, Zn,
Cu, Co, Cr, As, Cd, Fe, Mn and Ni compared to well water. On the other hand data emphasized
the role of sewage efﬂuent irrigation on increasing heavy metals as well as organic matter contents
in the soil samples when comparing with the respective values found in the soil irrigated with well
water. The soil salinity ranged from 3.58 to 20.7 dSm1 with an average of 7.9 dSm1 due to irri-
gation with well water. While the respective soil salinity due to irrigation for long period with the
treated sewage efﬂuent ranged from 2.5 to 3.69 dSm1 with an average of 2.8 dSm1. There was an
increase in organic matter content ranging from 17% to 30% in sewage-irrigated soil samples as
compared to well water-irrigated ones. On an average, the soil pH dropped by 0.3 U as a result6 14678444, mobile: +966
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tion of Zn (130%), Pb (55%), Fe (82%), Ni (84%), Mn (30%), Cu (40%), Cr (75%), Co (78%) and
As (67%) in sewage-irrigated soil samples over adjacent well water-irrigated soil samples.
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In arid and semiarid regions such as Saudi Arabia, water de-
mand has exceeded the reliable supply of surface water and
renewable ground water due to rapid growth in municipal
and industrial use. The agricultural sector is the major con-
sumer of water in the country using more than two-thirds of
available resources. The growing competition for scarce water
resources, coupled with laws limiting ground water pumping,
has led to utilization of low quality water in irrigated agricul-
ture. However, applying efﬂuent to arable lands also involves
certain environmental and agricultural risks (Al-Jaloud et al.,
2007). Efﬂuent differs from fresh water by higher contents of
electrolytes, dissolved organic matter, suspended solids, and
biochemical and chemical oxygen demand (BOD and COD).
These varied constituents in efﬂuent can affect soil physical
and hydraulic properties. Adverse effects leading to decreased
hydraulic conductivity and inﬁltration rates include physical
blockage of pores by suspended material. The use of sewage
efﬂuents for irrigating agricultural lands is on the rise espe-
cially in the urban areas. These waste waters carry appreciable
amounts of trace toxic metals (Brar et al., 2000; Yadar et al.,
2002) and concentrations of trace metals in sewage efﬂuents
vary from one city to another (Rattan et al., 2002). Although
the concentration of heavy metals in sewage efﬂuents are low,
long-term use of these waste waters on agricultural lands often
results in the build-up of the elevated levels of these metals in
soils (Rattan et al., 2002). Extent of build-up of metals in waste
water-irrigated soils depends on the period of its application
(Bansal et al., 1992; Palaniswami and Sree Ramulu, 1994).
Crops raised on the metal-contaminated soils accumulate met-
als in quantities excessive enough to cause clinical problems
both to animals and human beings consuming these metal rich
plants (Tiller, 1986; Rattan et al., 2001). However, there is a
shortage in the information among the agricultural lands
receiving sewage irrigation for a long time under Saudi
Arabian conditions. Therefore, the objectives of this study
were: (i) to study the chemical composition of sewage efﬂuents
and ground well water; (ii) to assess the effects of long-term
irrigation with sewage efﬂuents on soil heavy metals content
as well as its effect on soils properties cultivated with date palm
at Al-Hasa Governorate, Saudi Arabia.
2. Materials and methods
2.1. Study area and samples collection
The study area is located along the (N24o21325=) and
(E46o55906=) where sewage efﬂuents originating from Al-
Hassa sewage treatment plant have been used for irrigation
purposes since 1995. Sewage efﬂuents were collected periodi-
cally from the studying area. Also, water samples were period-
ically collected from the well used for irrigation in the other
studying area. Eighty-two surface soil samples (0–20 cm) were
collected from sewage-irrigated plots (41 soil samples) and (41samples) well water-irrigated plots. Soil samples were dried,
ground, thoroughly mixed and passed through a 2 mm sieve
and kept for physical and chemical analysis.
2.2. Chemical analysis of sewage efﬂuents, well water, and soil
samples
Analiquot of 500 mLof sewage efﬂuents andwell water samples
was added to 15 mL of HNO3 (69%) and evaporated to near
dryness on a hot plate. Then, the contents were digested with
15 mL of HNO3 (69%) and 20 mL HClO4 (70%) according to
(Brar et al., 2000). The residue was taken in 15 mL of 6 N HCl
and made to the volume (50 mL) and contents were ﬁltered.
The ﬁltrate was analyzed for their content of Pb, Zn, Cu, Co,
Cr, As, Cd, Fe, Mn and Ni using ICP (Perkin Elemer model
4300 DV). Sewage efﬂuent samples were measured for pH and
electrical conductivity using a pH meter. Carbonates and bicar-
bonates were estimated by titrating an aliquot of efﬂuent sam-
ples with H2SO4. Soil pH was measured in suspension (soil
paste) according to (Page et al., 1982). Organic carbon contents
in soil were determined by the wet digestionmethod (Page et al.,
1982; Nelson and Sommers, 1982). Also, particle size distribu-
tion was done by hydrometer method (Gee and Bauder, 1994).
Moreover the soil samples were digested with HF, H2SO4 and
HCLO4 for the determination of heavy metals according to
(Hossner, 1996). The concentrations of metals were determined
using ICP (Perkin Elemer model 4300 DV). Due care was taken
to avoidmetal contamination in the process of sampling, drying,
grinding, extracting and analysis. All equipments and contain-
ers were soaked in 10% HNO3 for 24 h then rinsed thoroughly
in de-ionized water before use. Also, quality control was assured
by performing duplicate analyses on all samples and by using re-
agent blanks and standard reference soil (Till 1) which yielded
As, Ni, Fe, Cu, Mn, Cd, Cr, Co, Pb and Zn contents close to
the certiﬁed values. On the other hand, the SAR, SAR adj.,
RSC, and pHc of the used waters were calculated as according
to Page et al. (1982) from the following equations:
SAR ¼ Naﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
Ca þ Mg
2
q ð1Þ
SAR adj: ¼ SARf1þ ð8:4 pHcÞg ð2Þ
where:
pHc ¼ ðpK2 pKcÞ þ p ðCa2þ þMg2þÞ þ p ðCO23 þHCO3 Þ
ð3Þ
RSC ¼ ðCO23 þHCO3 Þ  ðCa2þ þMg2þÞ ð4Þ2.3. Statistical analysis
The differences between heavy metals contents in sewage and
well water-irrigated soils were statistically evaluated by
applying t-test according to (Snedecor and Cochran, 1973).
Table 2 Effect of long-term use of sewage efﬂuents on some
soil properties.
Parameter Min. Max. Mean S.D.
Well water irrigated soil samples
pH 7.94 8.18 8.05 2.22
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were calculated using (STATGRAPHICS, 2000).
3. Results and discussion
3.1. Properties of the used sewage efﬂuents and well water
Data presented in Table 1 show the characteristics of sewage
efﬂuents and well water which used for irrigation. Apparently,
the values of pH, EC, SAR and TDS were (7.9), (3.3 dSm1),
(5.9), and (1875 mgL1), respectively in well water samples,
whereas, corresponding values for sewage efﬂuents were (6.4),
(2.20 dSm1), (4.51), and (1248 mgL1). It is clear that sewage
efﬂuents were acidic in reaction with average pH values of
6.4. Such pH values are within the permissible limits, as the tol-
erance limit of pH for irrigation water ranged from 6.0 to 9.0
mentioned by (Patel et al., 2004). On the other hand, the electri-
cal conductivity of sewage efﬂuents in all samples exceeded
1 dSm1 (1.66–2.23 dSm1) indicating that these efﬂuents were
saline in nature. The carbonate and bicarbonate contents in
efﬂuent samples average to 0.45 and 3.90 meqL1, respectively.
However, the carbonate concentration in all the samples was
much lower as compared to bicarbonate concentrations, which
are also reﬂected in acidic reaction of the efﬂuents. The values of
residual sodium carbonate (RSC) in all the samples were below
the recommended safe limit for irrigation water which is
1.25 meqL1. Therefore these efﬂuents can safely be used for
irrigation purpose as far as RSC is concerned.
With respect to heavy metals content of irrigation water,
data show that sewage efﬂuents contained Co, Cr, As, Zn,Table 1 Mean values of chemical composition of the sewage
and well water used for irrigation.
Parameter Unit Well water Sewage eﬄuent
pH 7.90 6.40
ECw dS m
1 3.30 2.20
T.D.S. mg L1 2112 1408
Na+ meq L1 17.39 11.04
K+ meq L1 0.62 0.57
Ca2+ meq L1 8.00 6.25
Mg2+ meq L1 9.62 5.72
CO3
2 meq L1 0.00 0.45
HCO3
 meq L1 3.15 3.90
Cl meq L1 20.00 14.00
SO4
2 meq L1 14.40 10.24
B mg L1 0.37 0.28
NO3
 mg L1 10.28 4.60
SAR 5.86 4.51
pHc 6.59 6.60
SAR adj. 16.49 12.62
T. hardness mg CaCO3 L
1 881.00 598.50
RSC meq L1 –14.47 –8.07
Co lg L1 0.27 0.47
Cr lg L1 16.3 36.6
As lg L1 4.94 5.83
Zn lg L1 4.5 5.46
Cu lg L1 6.14 13.5
Fe lg L1 3.0 15.1
Mn lg L1 0.82 5.46
Ni lg L1 2.56 4.44
Pb lg L1 0.69 4.79
Cd lg L1 0.40 0.59Cu, Ni, Mn, Pb and Cd in relatively higher values compared
to well water. Although sewage efﬂuents had elevated concen-
trations of such metals compared to well water, the concentra-
tions of these metals in these two sources of irrigation water
were within the permissible limits for their use as irrigation
water. In this respect Pescod (1992) pointed out that the
threshold values of heavy metals in irrigation water leading
to crop damage are 2000 lg L1 for Zn, 200 lg L1 for Cu,
5000 lg L1 for Fe, 200 lg L1 for Mn, 200 lg L1 for Ni,
5000 lg L1 for Pb and 10 lg L1 for Cd.
3.2. Effect of long-term use of sewage efﬂuents on soil pH and
organic matter
Data in Table 2 show that soil pH varied from 7.41 to 8.02 and
7.94 to 8.18 in sewage and well water-irrigated soils, respec-
tively, with the corresponding average values of 7.72 and
8.06. As the average soil pH was dropped by more than
0.3 U. The organic matter content varied from 1.21% to
2.41% with an average of 2.04% in sewage-irrigated soils,
the corresponding values for well water-irrigated soils were
1.03–1.86% (average 1.52%). Thus, and organic matter was
increased by 25.5% as result of long-term sewage irrigation.ECe (dS m1) 3.59 20.7 7.9 2.18
T.D.S. 2297.6 13,248 5081.1 98.41
Ca2+ (mg L1) 6.25 9.75 8.25 2.27
Mg2+ (meq L1) 5.46 10.4 7.48 2.06
K+ (meq L1) 0.32 1.10 0.53 0.15
Na+ (meq L1) 7.29 13.5 9.25 2.55
HCO3
 (meq L1) 2.025 5.95 3.97 1.09
Cl (meq L1) 10.0 17.5 12.84 3.54
SO4
 (meq L1) 6.85 15.45 8.80 2.42
SAR 1.68 4.54 3.3 0.91
O.M. % 1.034 1.86 1.52 0.42
Sand % 52.32 84.32 76.32 11.02
Silt % 4.0 26.0 11.13 3.06
Clay % 7.68 21.68 12.56 3.46
CaCO3 % 7.65 26.0 11.65 3.21
C.E.C (Cmolkg1) 5.6 14.20 9.08 2.50
Sewage eﬄuent irrigated soil samples
pH 7.41 8.02 7.72 2.14
ECe (dS m1) 2.5 3.69 2.80 0.77
T.D.S 1600 2361.6 1792 49.28
Ca2+ (mg L1) 11.75 67.5 26.46 7.29
Mg2+ (meq L1) 8.06 26.0 15.65 4.31
K+ (meq L1) 0.64 2.98 1.23 0.34
Na+ (meq L1) 10.54 104.23 32.15 8.85
HCO3
 (meq L1) 0.5 4.25 2.26 0.62
Cl (meq L1) 17.0 137.5 44.62 6.29
SO4
2 (meq L1) 16.79 66.81 32.38 2.92
SAR 3.35 15.244 6.49 1.79
O.M. % 1.21 2.41 2.04 0.56
Sand % 70.32 86.32 80.57 12.19
Silt % 6.0 14.0 9.13 2.51
Clay % 7.68 15.68 10.31 2.84
CaCO3 % 3.35 13.5 7.18 1.98
C.E.C. (Cmol kg1) 9.2 17.4 13.93 1.84
Table 3 Effect of long-term irrigation with sewage efﬂuent on
the heavy metal status of soil (mg kg1).
Elements (mg kg1) Min. Max. Mean S.D.
Well water irrigated soil samples
Zn 22.1 63.2 30.8 13.5
Pb 3.6 9.6 6.9 1.9
Ni 6.4 13.5 10.2 2.4
Mn 91.1 107.3 100.8 5.3
Fe 2287.0 3603.0 2947.9 527.8
Cu 26.4 35.9 30.6 3.3
Cr 20.3 39.1 31.2 6.4
Co 2.1 4.1 3.2 0.7
Cd 0.0 0.0 0.0 0.0
As 1.9 3.3 2.4 0.5
Sewage eﬄuent irrigated soil samples
Zn 57.1 91.5 70.8 11.2
Pb 7.3 14.2 10.7 2.2
Ni 14.6 23.6 18.8 3.0
Mn 123.6 142.3 131.2 5.9
Fe 4064.0 8098.0 5356.6 1297.9
Cu 33.3 57.8 42.7 8.8
Cr 42.4 95.9 54.6 17.6
Co 5.0 7.5 5.7 1.0
Cd 0.0 0.1 0.1 0.0
As 3.0 5.8 4.0 0.8
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(Rattan et al., 2001). As it well known that pH, and soil organ-
ic carbon (SOC) is the most important indicator of soil quality
and in addition to acting as a store-house of the plant nutrients
which plays a major role in nutrient cycling. Besides, some esti-
mates show that increase in the SOC content by 0.01% could
lead to the carbon sequestration equal to the annual increase in
the atmospheric CO2–C (Lal et al., 1998). Such an observation
could be explained on the basis of counteraction of alkalinity
through sewage-induced acidiﬁcation and improvement in soil
organic carbon status. On the other hand, there were substan-
tial build-up of Zn, Pb, Ni, Mn, Fe, Cu, Cr, Co and As in the
sewage-irrigated soils, over the well water-irrigated ones (Table
3). Signiﬁcant effect of irrigation through sewage water was
observed in case of studying metals. For example, sewage irri-
gation caused 129.9%, 55.1%, 84.3%, 30.2%, 81.7%, 39.5%,
75.0%, 78.1% and 66.7% increases in Zn, Pb, Ni, Mn, Fe,
Cu, Cr, Co and As, respectively, over the well water irrigated
plots. However, Cd did not show any signiﬁcant changes.
There has been an enormous build-up in the available Fe con-
tent in the sewage-irrigated soils. All the soils, both under well
and sewage irrigation are well supplied with Zn and Cu as their
levels are generally higher than their critical levels of deﬁciency
of 0.6 and 0.2–0.5 mg kg1, respectively. In case of the sewage-
irrigated soils, some of the soils have accumulated more than
70 mg kg1 total Zn, which has been listed as critical level of
phytotoxicity as reported by (Rattan et al., 2004).
4. Conclusion
Long term use of sewage efﬂuent in irrigation resulted in sig-
niﬁcant increase in organic matter content ranging from 17%
to 30% in sewage-irrigated soils as compared to well water-
irrigated ones. Long term sewage irrigation resulted in signiﬁ-
cant build-up of total concentration of Zn (130%), Pb (55%),Fe (82%), Ni (84%), Mn (30%), Cu(40%), Cr (75%), Co
(78%) and As (67%) in sewage-irrigated soil samples over
adjacent well water-irrigated soil samples.
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